Abstract-In this research work a dual-Port W-shaped slotted microstrip patch antenna. The proposed antenna covers the X-band satellite uplink (7.64 GHz to 8.68 GHz) frequency band making it suitable to be employed for satellite communication applications. In addition, this proposed antenna can be used for multiple input multiple output (MIMO) wireless communication system, as well as MIMO satellite communication by reducing the mutual coupling between the two ports in order to enhance the isolation. In the proposed design the Rogers RT/duriod 5880 (tm) with 2.2 dielectric constant is used as substrate. The bandwidth of the designed antenna is 13% with resonant frequency of 8.26 GHz at -10 dB.
In communication engineering, the frequency range is set at approximately 7.0 GHz to 11.2 GHz for X-band application. IEEE set 8.0 GHz to 12.0 GHz frequency range for radar engineering. X-band satellite communication operates in the part of the X-band or Super High Frequency (SHF) spectrum which is designated by the International Telecommunication Union (ITU) for satellite communication. The ITU designated the frequency band in the range 7.25 GHz to 7.75 GHz for downlink (Space to Earth) and 7.9 GHz to 8.4 GHz for uplink (Earth to Space) for government use [8] . The X-band is below that frequencies has the advantage that it is less affected by rain fade, i.e. provide higher rain resilience compared to other higher frequency band like Ku or Ka used for satellite communication [9] . This allows extremely high link availability. The X-band satellites typically have at least 4° separation between satellites, therefore there is less chance of adjacent satellite interference (ASI) and this allows higher power density carriers.
II. ANTENNA DESIGN
The front and back view of the proposed dual-Port W-shaped slotted microstrip patch antenna are shown in Fig. 1 and Table I shows the dimensions of the proposed antenna, whose conductor is fabricated on an inexpensive Rogers RT/duroid 5880(tm) substrate with the dielectric constant of εr = 2.2. The designed antenna consists of radiating patch on one side of a dielectric substrate which has a ground plane on the other side. It is fed by two microstrip lines at the center of each W slot loaded patch. To improve the return loss and bandwidth slots are introduced in patch and ground. Configuration of the proposed W slot is shown in Fig. 2 with design parameter indication and the corresponding values for the design parameters of slot W has been shown in Table II . 
III. SIMULATIONS RESULTS AND DISCUSSION
The proposed dual-port antenna has been designed and simulated using the CST microwave studio 2014. Various performance of the proposed antenna are presented and discussed by the simulation results.
A. Reurn Loss
The return loss represents how much power is reflected from the antenna that is fed into the antenna from the transmission line. It is about -26.95 dB for the proposed antenna and shown in Fig. 3 . Lower return loss is better, because then less power is reflected from the antenna. Return loss of the proposed antenna is better than that of the antenna designed for X-band applications in [10] , which lower returns loss is -17.14 dB. 
B. Bandwidth
The bandwidth of an antenna refers to the range of frequencies over which the antenna can operate correctly. The bandwidth of proposed antenna is shown in Fig. 3 and calculated at -10dB from S11 plot. The bandwidth of the proposed antenna is 13% within the frequency range 7.64 GHz to 8.68 GHz, which is wider more compared with the antenna proposed for X-band application in [11] , [12] . In Table III the bandwidth calculation has been presented. 
D. Isolation
The port-to-port isolation is defined as the power transfer from one port to another (Transmitter TX to Receiver RX), generally represented as a loss in dB. Because there are two ports in the proposed antenna, the isolation between the two ports must be considered. Fig. 5 shows the isolation between the two feeding ports where in S11 = S22, which denotes the reflection coefficients and S12 = S21, which denotes the coupling coefficients of the two-port network. 
E. Voltage Standing Wave Ratio (VSWR)
The VSWR of the proposed antenna is 1.094 at the resonant frequency 8.26 GHz and is less than its maximum acceptable value of 2 as demonstrated at Fig. 6 . This is closer to the ideal value of VSWR=1 than the dual-port antenna design for MIMO systems in [1] . 
F. Radiation Pattern
The radiation pattern of the proposed antenna is shown in Fig. 7 for port 1 and part 2 at 8 GHz. The main lobe magnitude is 5.15 dBi with a side lobe level of -1.3dB. 
G. Gain
The gain of the proposed antenna is 4.561dB at operating frequency 8GHz as shown in Fig. 8 and Fig. 9 for por1 and 2 respectively. The gain of the proposed antenna is higher than that of antenna proposed in [10] . 
H. Directivity
For the proposed antenna the directivity is 4.792 dBi at operating frequency 8GHz. The directivity for port 1 and port 2 is shown in 3D radiation pattern Fig. 10 and Fig. 11 respectively. IV. CONCLUTION A dual-port and compact W-shaped slotted microstrip patch antenna has been designed and simulated using CST Microwave Studio 2014 with 8 GHz operating frequency for X-band applications and multiple input multiple output (MIMO) system. It has been observed that proposed antenna design resonates at 8.26 GHz and return loss of -26.95 dB. The gain corresponding to resonant frequency is 4.561 dB and has directivity of 4.792 dBi. The VSWR value is 1.094 which is less than maximum acceptable value (i.e., 2). This proposed design effectively enhance the isolation by reducing the mutual coupling between the two ports, hence this design can suitably be employed for X-band earth to satellite uplink applications 7.64 GHz to 8.68 GHz for satellite communication and MIMO systems.
